Abstract. Pinning and magnetic flux diffusion in composites with artificial pinning centers (APC) are studied using a magnetic step method. It is revealed experimentally, that a magnetic flux pinning is determined by boundaries of superconducting filaments and matrix in composites with thickness of filaments less of London's penetration depth. The elementary pinning force on n-s boundary for Cu-NbTi, Nb-NbTi,.. composites is measured. The value of elementary pinning force is controlled by thickness n-s boundary. And the thickness n-s of boundary can be large in result of solid state diffusion during technological process. The thickness n-s boundary is estimated through the dependence of superconducting filaments effective volume from the magnetic field value. These results for elementary pinning force and thickness n-s of boundary are compared to results of direct measurements of critical currents in these APC superconducting composites.
Introduction
The achievement of the highest electro physical characteristics remains by the important for expansion of scales and areas of superconducting material applications. For this reason research of magnetic flux pinning and dynamics remain urgent. These studies allow us to clear up the nature of magnetic flux pinning, to define ways of technology development and to give a push for search of new areas of superconductivity applications. Suitable for such researches of pinning features are APC superconductors with superconducting filaments, in which pinning is determined by the interaction of a magnetic flux with boundaries of the superconducting and normal (non superconducting) materials. In our work the pinning features and a magnetic flux flow in APC superconductors on a basis of Nb and Ti with superconducting filaments in normal matrix are investigated [1] .
Experimental method
The composites with superconducting filaments in normal matrix allow us to use the elementary method of a magnetic field step for their investigations. When superconducting filaments are parallel to the direction of the external magnetic field and the value of the magnetic field is sharply changed (increases or decreases), the response of a sample (a relaxation process) is very simple. Induced by the magnetic step the shielding currents are flowing in the perpendicular plane to the superconducting filaments and are dissipating in the normal matrix of the composite. And we can receive the directly information about the superconducting composite without the use of any models as in AC techniques. In particular, the magnetic step method distinguishes orientation of the step field concerning the base external magnetic field and can give the additional information about n-s boundaries. This relaxation can give us the information about the matrix resistance, the volume of superconducting filaments and the pinning force of n-s boundary and so on. The method of magnetic field step gives information on all volume of a sample and for this reason has some advantage over any magneto optical methods [2] . At least, it gives the additional information on volume of a superconducting sample. The samples of a diameter 3 -3.5 mm consisting of filaments pieces or wires pieces in length 3 -4 mm were used for the measurements. The sample was inserted into one of two measuring coils located inside the coil of a magnetic field step. And the coil of a magnetic field step was located inside the superconducting solenoid in liquid helium. The superconducting filaments of the sample, axes of the measuring coils and the coil of a magnetic field step were parallel to direction of a magnetic field of the superconducting solenoid. The coil of a magnetic field step create the pulse magnetic field up to 800 Gs with forward front 1 -5 micro sec and subsequent time of attenuation about 1 sec. The field of the magnetic step could be directed parallel or anti parallel to the magnetic field of the superconducting solenoid. For registration of magnetic flux diffusion in a sample 2 identical measuring coils on 300 -500 turns in each, wound in opposite directions were used. Internal diameter of each coil was 4.2 mm and length 2 mm. The measuring coils were fixed rigidly inside the coil of a magnetic field step in a situation, when the total flux from the coil of a magnetic step in them is equal to zero. The procedure of measurements was following: 1. The supporting magnetic field Bsup of the superconducting solenoid was chosen; 2. The magnetic field step was started and the current Ist of the step coil and the voltage U1+2 on the measuring coils (the sum of voltage on two coils) were registered; 3. The magnetic field step was started again and the current of the coil of the step and the voltage on the measuring coils were registered; 4. Bsup was changed and steps 2 and 3 were repeated. And after integration of an electrical voltage U1+2 on measuring coils we receive a value of a magnetic flux of shielding currents Fsh in a sample, induced by a magnetic field step, depending on time for various meanings of a supporting magnetic field Bsup of the superconducting solenoid, value and direction of a magnetic step field Bst and magnetic history of the sample (1). Here N -the number of turns in the coil.
(1)
The wire Cu/NbTi with the filament thickness 600 nm As an example in figure 1 the results of registration of a the step coil current Ist, voltage on measuring coils U1+2 and result of primary calculations (magnetic flux Fsh from shielding currents, induced by a magnetic field step) for the sample of a wire by a diameter of 1 mm with NbTi filaments in Cu matrix are presented. From a curve Fsh (t) we can receive a relaxation time of shielding currents and value of a magnetic flux Fsh(∞), shielded by superconducting currents in filaments. The sample for measurements of the response on a magnetic step was made from wire containing 480000 filaments by thickness 600 nm in Cu matrix, with the relation Cu/NbTi = 3/1. The wire was made by cold drawing without using of thermal treatments. In our case it is easy to estimate, that the measured relaxation time t relax ~ 2 • 10 -5 sec corresponds to effective resistance of a copper cover and a wire matrix about 2•10 -8
Ω•cm.
The ratio of a value of plateau Fsh (∞) to a value of magnetic step field Bst gives us effective cross section of a sample Sef, shielded by superconducting currents from a magnetic step. In this wire with thin filaments we can observe dependence of Sef from a magnetic step value and from a value of external magnetic field Bsup (see the figures 2 and 3). In our opinion, this dependence Sef (Bsup) for small size of a magnetic step is connected to real reduction of superconducting volume of a sample 
